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Structural Basis for the Mg2D-Dependent Modulation of Calmodulin
Activity
F. Timur Senguen, Zenon Grabarek.
Boston Biomedical Research Institute, Watertown, MA, USA.
The physiological function of calmodulin (CaM) depends on its ability to re-
spond specifically to micromolar Ca2þ signals in the presence of ~1000-fold
excess of the chemically similar Mg2þ. The intracellular concentration of
Mg2þ is tightly controlled in a narrow range of 0.5-1.0 mM, which is sufficient
to fully or partially saturate the Ca2þ-binding sites of many EF-hand proteins,
including CaM, at the resting Ca2þ levels. To explain the mechanism of metal
ion binding specificity we have compared the effects of Mg2þ (ionic radius
r=0.72 A˚), Mn2þ (r=0.67 A˚) and Ca2þ (r=1.06 A˚) on the structure and stability
of the N-terminal domain of calmodulin (N-CaM). The far UV-CDmelting pro-
files show that all three metal ions stabilize the structure of N-CaM, as indicated
by the concentration dependent increase in unfolding temperature from 52 C
(apo) to >100 C, 95 C and 75 C in the presence of Ca2þ, Mn2þ and Mg2þ,
respectively. We have determined the X-ray structures of N-CaM complexed
with the three metal ions. Only the Ca2þ-N-CaM complex features the open-
domain active conformation, whereas Mg2þ-N-CaM and Mn2þ-N-CaM have
a closed-domain, apo-like conformation. The relative positions of all bound
metal ions with respect to the EF-hand-b-scaffold are similar, however the bi-
dentate ligand, the Glu sidechain in the 12th position of the loop, interacts with
Ca2þ only and does not bind directly to either Mn2þ or Mg2þ. These results
strongly support our proposal (Grabarek, BBA, 1813, 913, 2011) that the
stereochemical constraints imposed by the two-EF-hand domain structure pre-
cludeMg2þ from engaging the EF-hand ligands in the same way as Ca2þ. Mg2þ
stabilizes the apo-like conformation of an EF-hand, thus contributing to the
switching off CaM activity at the resting Ca2þ concentrations.
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Lobe-Specific Functions of Calcium.Calmodulin in Alpha-Calcium.
Calmodulin-Dependent Protein Kinase II Activation
Katalin Torok1, Abdirahman M. Jama1, Jonathan P. Gabriel1,
Stephen Martin2.
1SGUL, London, United Kingdom, 2NIMR, London, United Kingdom.
N-methyl-D-aspartic acid receptor-dependent long-term potentiation (LTP),
a model of memory formation requires calcium.calmodulin-dependent protein
kinase II (aCaMKII) activity and Thr286-autophosphorylation via both global
and local calcium signalling but the mechanisms of signal transduction are not
understood. We tested the hypothesis that the calcium-binding activator-protein
calmodulin (CaM) is the primary decoder of calmodulin signals thereby deter-
mining the output, e.g. LTP. Thus we investigated the function of CaM mu-
tants, deficient in calcium binding at sites 1, 2 of the N terminal lobe or sites
3, 4 of the C terminal CaM lobe, in the activation of aCaMKII. Occupancy
of CaM calcium binding sites 1, 3 and 4 is necessary and sufficient for full
activation. Moreover, the N and C terminal CaM lobes have distinct functions:
calcium binding to N lobe calcium binding site 1 increases the turnover rate
of the enzyme 5-fold, while the C lobe plays a dual role: it is required for
full activity, but in addition, via calcium binding site 3, it stabilizes ATP
binding to aCaMKII 4-fold. Thr286-autophosphorylation too is dependent on
calcium binding sites on both the N and C lobes of CaM. As the CaM C
lobe sites are populated by low amplitude/low frequency (global) calcium
signals, but occupancy of N lobe site 1 and thus activation of aCaMKII requires
high amplitude/high frequency (local) calcium signals, lobe-specific sensing
of calcium signalling patterns by CaM is proposed to explain the requirement
for both global and local calcium signalling in the induction of LTP via
aCaMKII.
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Microtubule Dependent Mechano-Transduction Drives Oxidative Stress
and Calcium Dysregulation in Dystrophic Skeletal Muscle
Ramzi J. Khairallah1, Francesca Sbrana2, Guoli Shi1, Mariateresa Tedesco3,
Benjamin L. Prosser1, Roberto Raiteri3, W. Jonathan Lederer1,
Christopher W. Ward1.
1University of Maryland, Baltimore, MD, USA, 2Institute of Biophysics,
Genova, Italy, 3University of Genova, Genova, Italy.
Duchenne muscular dystrophy (DMD) is a common X-linked progressive mus-
cle wasting disease characterized by an increased susceptibility to stretch-
induced damage. While an abnormal regulation of reactive oxygen species
(ROS) and calcium (Ca2þ) signaling cascades are established contributors,
little mechanistic insight has been revealed for how mechanical stress induces
the dysregulation of these signaling pathways. With novel tools to mechani-cally manipulate enzymatically isolated skeletal muscle fibers, we show for
the first time that a small physiologic stretch of a single mdxmyofiber produces
an almost instantaneous increase in ROS. The inhibition of NADPH oxidase 2
(NOX2) abrogated the stretch-induced ROS consistent with the recently
reported X-ROS signaling in the heart (Prosser et al Science, 2011); however
X-ROS was not detectable in wild-type fibers. Our group and others have dem-
onstrated that the microtubule cytoskeleton is an important mechano-
transduction element in muscle. Our investigation shows increased microtubule
density in mdx muscle that displays X-ROS signaling. In this regard, microtu-
bule depolymerization with colchicine was sufficient to inhibit X-ROS
signaling in mdx myocytes implicating microtubules as critical proximate
mechano-transducers in this pathway. Accordingly, proteins necessary for
X-ROS (tubulin subunits and the NOX2 subunits gp91phox and rac1) are in-
creased in dystrophic muscle. An important consequence of X-ROS signaling
in mdx is increased sarcolemmal Ca2þ influx which is abrogated by the
stretch-activated channel blocker GsMTx4 or microtubule destabilization.
Lastly, we find increased surface membrane stiffness in mdx (measured by
atomic force microscopy) suggesting that the abundance of microtubules con-
tributes to important functional changes in skeletal muscle properties including
stiffness which impacts X-ROS signaling. Our discoveries suggest that X-ROS
may underscore the pathogenic stretch-dependent signaling in DMD and
thus may provide novel therapeutic targets. Funding: RJK- T32AR007592,
CWW- RC2 NR011968, WJL- R01 HL106059, R01 HL36974
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NAADP-Induced Calcium Release in Pulmonary Arterial and Aortic
Smooth Muscle Cells is Mediated by Cross-Activation of NAADP-
Receptor and Ryanodine Receptor-Gated Calcium Stores
Yong-Liang Jiang, Amanda H.Y. Lin, Suengwon Lee, Yang Xia,
James S.K. Sham.
Johns Hopkins University, Baltimore, MD, USA.
Ca2þ signaling in vascular smooth muscle cells involves dynamic interactions
between multiple Ca2þ influx and release pathways. Ca2þ release pathways
include the IP3 receptor-, ryanodine receptor-, and nicotinic acid adenine dinu-
cleotide phosphate (NAADP) receptor-gated Ca2þ stores. Recent studies dem-
onstrated that the two-pore channels (TPC1 and TPC2) are NAADP receptors
located in the endo-/lysosomes. Here we quantified the expression of TPC
channels and characterized the NAADP-mediated Ca2þ signals in vascular tis-
sues. Western blot analysis and real-time RT-PCR detected TPC1 and TPC2
protein and mRNA respectively in aorta, pulmonary, mesenteric, renal, femo-
ral, tail, and cerebral artery of rat, with TPC1 mRNA level five to ten-fold
higher than that of TPC2. Application of the membrane permeable NAADP-
AM to pulmonary arterial smooth muscle cells (PASMCs) elicited
concentration-dependent increase in global [Ca2þ]i. The Ca
2þ response was in-
dependent of extracellular Ca2þ influx, and was unaffected by the IP3 receptor
blocker xestospongin C. In contrast, the NAADP-induced Ca2þ response was
partially inhibited by ryanodine or thapsigargin, and was abolished by the
NAADP antagonist NED-19 or the acidic vacuolar Hþ-ATPase bafilomycin
A. Moreover, NAADP caused dramatic increase in local Ca2þ release events,
which was inhibited by ryanodine or NED-19. The temporal and spatial prop-
erties of the NAADP-induced local release events were comparable to the spon-
taneous Ca2þ sparks. Similar observations were also made in aortic smooth
muscle cells. Our results, hence, show that the NAADP channels, TPC1 and
TPC2, are functionally expressed in vascular smooth muscle; and Ca2þ signals
from the NAADP channel-gated lysosomal stores cross-activate ryanodine re-
ceptors to amplify Ca2þ release in pulmonary arterial and aortic smooth muscle
cells.
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Increased Calcium Influx and Decreased Buffering Capacity of Intra-
cellular Stores Underlie Neuropathology Induced by Over-Expression of
a-Synuclein
Lidia Reznichenko1, Qun Cheng1, Kristal Nizar1, Sergey L. Gratiy1,
Payam A. Saisan1, Edward M. Rockenstein1, Tanya Gonza´lez1,
Cristina Patrick1, Brian Spencer1, Paula Desplats1, Anders M. Dale1,
Anna Devor1,2, Eliezer Masliah1.
1UCSD, La Jolla, CA, USA, 2Massachusetts General Hospital,
Harvard Medical School, Charlestown, MA, USA.
Abnormal accumulation of a-synuclein is centrally involved in the pathogene-
sis of many disorders with Parkinsonism and dementia. Although the
mechanism through which a-synuclein triggers neuronal vulnerability is not
entirely clear, in vitro studies suggest that neuronal accumulation of a-synu-
clein might lead to increase in intracellular calcium levels. In this study, we in-
vestigated in vivo calcium dynamics in an a-synuclein transgenic mouse model
of Parkinson’s Disease and dementia with Lewy bodies using two photon
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in the barrel cortex. Transgenic mice exhibited abnormal calcium activity char-
acterized by augmented, long-lasting transients with considerable deviation
from the exponential decay. The most evident pathology was observed in
response to a repetitive stimulation when subsequent stimuli were presented
before relaxation of calcium signal to the baseline. Augmented calcium entry
can result from an increase in neuronal spiking or a decrease in a cell buffering
capacity. To address the former possibility, we performed in vivo electrophys-
iological recordings of population spiking activity. Our measurements
revealed no significant increase in neuronal spiking response compared
to age-matched controls. To investigate potential impairment in calcium
buffering, we conducted experiments in a neuronal cell line expressing a-syn-
uclein. Inhibitors of the calcium influx into the intracellular calcium stores
(mitochondria and endoplasmic reticulum) rescued cytosolic calcium levels,
elevated by a-synuclein, while inhibitors of the calcium influx via channels
located on the plasma membrane were ineffective. These studies support the
notion that a-synuclein dysregulates calcium buffering capacity in vivo. More-
over, the characteristic shape of calcium decay and augmentation of the
response amplitude during repetitive stimulation can serve as in vivo imaging
biomarkers for screening of potential therapeutic agents in this model of
neurodegeneration.
2156-Plat
SERAF, a Novel Regulator of Store Operated Calcium Entry
Raz Palty, Adi Raveh, Ruth Meller, Ido Kaminsky, Eitan Reuveny.
Weizmann Institute of Science, Rehovot, Israel.
Store operated calcium entry (SOCE) is a principal cellular process by which
cells regulate basal calcium, refill intracellular calcium stores and execute
a wide range of specialized activities. In recent years tremendous progress
has been made in understanding the nature of the molecular components and
events that govern SOCE activation. STIM and Orai were identified as the
essential components able to reconstitute Ca2þ release-activated Ca2þ
(CRAC) channels that mediate SOCE. Here, we report the molecular identifi-
cation of SERAF, a novel regulator of SOCE. Using heterologous expression,
RNAi-mediated silencing and site directed mutagenesis, combined with elec-
trophysiological, biochemical and imaging techniques; we show that SERAF
is an endoplasmic reticulum membrane protein that associates with STIM to
facilitate SOCE inactivation following calcium refilling. SERAF, therefore,
plays a key role in shaping cytosolic Ca2þ signals and determining the content
of the major intracellular calcium stores, role that is likely to be important for
protecting cells from calcium overfilling.
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Biophysical and Pharmacological Characterisation of Calcium Channels
in Human Mast Cells
Jasmine Farrington, Claire L. Tree-booker, Peter Peachell,
Elizabeth P. Seward.
University of Sheffield, Sheffield, United Kingdom.
The best characterised calcium channel in immune cells is the store-operated
calcium release activated calcium channel (CRAC); studies in heterologous ex-
pression systems and knockout mice have identified Orai and its regulator
STIM1, an ER-resident calcium sensor, as the molecular constituents of
CRAC. Members of the TRPC family are also likely to contribute to store-
operated calcium entry (SOCE) in immune cells. The expression of Orai and
TRPC channels in primary human mast cells has not yet been investigated,
but is of key importance given the critical role these cells play in the pathophys-
iology of type-1 hypersensitivity reactions. Allergic activation occurs follow-
ing cross-linking of the FcεRI receptor by antigen-IgE complexes that, via
PLC-g signalling, leads to robust activation of SOCE. The resulting calcium
signal stimulates secretion and production of pro-inflammatory mediators.
The aim of this study was to characterize the biophysical and pharmacological
properties of CRAC channels in human lung mast cells (HLMC) following
SOCE.
RT-PCR revealed mRNA expression for Orai1, Orai2, STIM1 and STIM2 but
not Orai3 in HLMCs. Whole-cell patch clamp recordings of isolated, cultured
HLMCs were carried out using a Cs-based internal solution, with added IP3 and
BAPTA to activate SOCE. These conditions activated an inwardly rectifying
current with Erev= 1854mV (n=6), a value less positive than expected for
a pure Orai/CRAC current. However, the current was potentiated in divalent-
free solution 563.756% (n=6), as expected for Orai/CRAC currents, and
was significantly attenuated 51.458% (n=6), by the Orai-specific inhibitor
Synta66 (10mM) (Ng et al. 2008., Di Sabatino et al. 2009). Calcium imaging
in HLMCs loaded with fura-2 AM showed that Synta66 also attenuated anti-
IgE induced calcium signaling by 62.2%(n=14). Taken together the data sug-
gest that both Orai and TRPC channels contribute to SOCE in HLMCs.2158-Plat
Activation of ARC Channels, a Noncapacitative Orai Channel, is Indepen-
dent of the N-Terminal Domains of STIM1
Jill L. Thompson, Trevor J. Shuttleworth.
University Of Rochester Medical Center, Rochester, NY, USA.
The Orai family of Ca2þ channels includes the store-operated CRAC channels
and store-independent, arachidonic acid (AA)-activated ARC channels.
Although both channels are dependent on STIM1 for their activation, they dif-
fer in the pool of STIM1 responsible. Physiologically, CRAC channel activa-
tion relies on a loss of Ca2þ from a luminal N-terminal EF-hand domain of
STIM1 resident in the ER membrane. However, ARC channels are exclusively
regulated by the pool of STIM1 that is constitutively located in the plasma
membrane (PM). Here, the EF-hand is extracellular and is unlikely to ever
lose its bound Ca2þ - suggesting that STIM1-dependent activation of the
ARC channels is very different from that of the CRAC channels.
Expression of just the cytosolic C-terminal region of STIM1 in HEK293 cells
resulted in the complete loss of significant CRAC or ARC channel currents fol-
lowing store-depletion or AA addition, respectively. However, attachment of
the same STIM1 C-terminus to the inner face of the PM via an N-terminal
sequence based on the SH4 domain of Lck, resulted in the full restoration of
normal AA-activated ARC channel currents. Store-operated CRAC channel
currents, however, were not restored - an effect confirmed in RBL cells, whose
endogenous CRAC currents are ~4-5 times larger than those in HEK293 cells.
Finally, introduction of a point mutation within the Lck sequence that blocks
myristoylation/palmitoylation of this domain, with the consequent loss of
PM localization, resulted in the failure of effective ARC channel activation.
These data indicate that N-terminal regions of STIM1 (including the EF-
hand and SAM domains) play no significant role in AA-dependent activation
of the ARC channels, and that the simple location of the C-terminal domain
to the cytosolic face of the PM is all that is required.
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Supported Lipid Bilayers on Biocompatible Polysaccharide Multilayers
Linda J. Johnston, Kirk Mulligan, Zygmunt J. Jakubek.
National Research Council Canada, Ottawa, ON, Canada.
Solid-supported phospholipid bilayers are widely used as models to probe the
function of cellular membranes and as platforms for membrane protein biosens-
ing applications. Although supported lipid bilayers have a number of advan-
tages in terms of ease of fabrication and characterization, the proximity of
the membrane to the solid support is a limitation for applications that involve
incorporation of integral membrane proteins. This limitation can be overcome
by formation of supported lipid bilayers on soft polymer cushions. We have
prepared biocompatible polymer cushions by the layer-by-layer assembly of
two polysaccharide polyelectrolytes, chitosan (CHI) and hyaluronic acid
(HA), on glass substrates. (CHI/HA)5 films were characterized by atomic force
microscopy, giving an average thickness of 57 and roughness of 25 nm in aque-
ous solution at pH 6.5. Formation of zwitterionic lipid bilayers by the vesicle
fusion method was attempted using DOPC vesicles at pH 4 and pH 6.5 on
(CHI/HA)5 films. At higher pH adsorbed lipids had low mobility and large im-
mobile lipid fractions; a combination of fluorescence and AFM indicated that
this was due to the formation of heterogeneous membranes with defects and
pinned lipids, rather than to a layer of surface adsorbed vesicles. By contrast,
more uniform bilayers with mobile lipids were produced at pH 4. Fluorescence
recovery after photobleaching gave diffusion coefficients that were similar to
those for bilayers on PEG cushions and considerably higher than those mea-
sured on other polyelectrolyte films. The formation of bilayers containing
reconstituted integral membrane protein was compared on PEM and PEG films.
These results demonstrate that polysaccharides provide a useful alternative to
other polymer cushions, particularly for applications where biocompatibility
is important.
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Temperature Dependent FCS Shows Mammalian Cell Membrane is not
Poised near Miscibility Transition Temperature
Il-Hyung Lee, Hector Huang, Adam Smith, Jay T. Groves.
UC Berkeley, Berkeley, CA, USA.
Immiscibility of liquid mixtures occurs when Gibb’s free energy of the sepa-
rated state is more favorable to that of homogeneous state of the system. Immis-
cibility is known to be taking action in various lipid mixture membrane systems
too. Studies examining macro scale phase separations in ternary lipid mixtures
and mammalian membrane blebs have shown that domain separation can also
sort membrane components by differential chemical potentials. This behavior
is commonly extended to native cell membranes hypothesizing existence of
